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INTRODUCTION

NORD 50 is a 32 bit special purpose computer designed to be a slave processor to
the general purpose NORD 10/8 Computer. The maximum address space is 1024
K word (32 bits) or 4M bytes.

This memory may either be:-

— Private Memory

High speed static memory accessable only from the NORD 50.

NORD ‘lO/S may deposit/examine instructions or data in this private
memory via the NORD ‘lO/S input/output system.

— Multiport Memory

Shared memory accessable from various sources as NORD 10/8, DMA
devices and other NORD 50’s via separate ports in the multiport memory
system.

Max. 4 Mbyte Max. 512 Kbytes
A r A

f / \

PRIVATE PRIVATEhNORD-50 CPU awed NORD-IO/S
MEMORY emory MEMORY

Sigh aimed l' ata anne 1e b‘t D t32 bit Data
16 bit Data

l a a

Place

tontrol
l/O SYSTEM

NORD~50 COMPUTER SYSTEM

Fig. 2.1 to be inserted.
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1.1 WORD FORMA T

In NORD 50 there is a 3 data word format:

— INTEGER WORD

~ SINGLE PRECISION
FLOATING WORD

— DOUBLE PRECISION
FLOATING WORD

31 bits plus 1 sign bit,
negative integer are
represented in two
complement notation.

9 bits exponent
23 bits mantissa (fraction
with hidden ’ 1' bit).
2 bits for sign of exponent
and mantissa.

9 bit exponent
55 bits mantissa (fraction
with hidden ’1’ bit).
2 bits for sign of exponent
and mantissa.

A double precision floating word wiII occupy two concecutive memory locations
or two registers in the register bIock.

N D-05.008.01



1.2 INS TRUCT/ON FORM/l T8

The instructions in the NORD—SO are always one word long. The instructions are
divided into three groups:

—- Memory Reference Instructions
~ inter-Register instructions
- Argument instructions

MEMORY REFERENCE lNSTRUCTION WORD

The single precision memory reference instructions affect one memory word and
one register, double precision two memory words and two registers. The memory
addressing may be direct or indirect. Up to 16 levels of indirect addressing may be
used. The instruction word format:

31 30 27 26 2322 1817 1211 0

l X 8 FC GR/FR/ D
FDR

1 ~ Indirect addressing flag
X — Index register- 1 of 16
B —- Base register- 1 of 16
FC -— Function code - 1 of 32 instructions
GR — General register number
FR — Single precision, floating register number
FDR — Double precision, floating register number
D —- Displacement O < D < 4096

MEMORY ADDRESSING

All memory reference instructions calculate an effective memory
address,Ea.(Effective address). When indirect memory addressing is specified,
the indirect address word is used. The indirect address is modified by index
and/ or base register.

31 30 27 26' 23 22 2019 0

ii X1 81 0
Di

lndirect address Word —
lAWJ- at level j.

—— indirect addressing flag at levei j
index register for IAW-
Base register for |AW~
Dispacement for iAVi/j o g D <1048576

0129-“ l
i

Q... l
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INTER—REGISTER INSTRUCTIONS

The Inter-Register Instructions affect the central registers. The instructions
specify two operand registers - source register A and source register 8, together
with a result register — the destination register.

The Instruction format:

3130 27 26 2322 1918 1211 6 5 0
DR/DF/ SRA/RFC RSC 0 UFO SRAE SRB

where

RFC/RSC ~ Inter—Register Instruction and subfunction code SHIFT,
ARITHMETIC, TEST and SKIP, LOGICAL OPERATIONS,
MISCELLANEOUS OPERATIONS

DR ~ Destination Register
DF — Destination Floating Register
DFD — Destination Double Precision Floating Register
SRA — Source Register A
SRAD — Double Precision Source Register A
SRB — Source Register 8
SRBD M Double Precision Source Register B

ARGUMENT INSTRUCTIONS

The argument instructions have a 16 bit positive number as part of the argument
instruction. The other operand is in the Register Block. During execution of the
argument instruction, the the argument is extended to a 32 bit number with the 16
most significant bits equal to zero.

The instruction format:

3130 2928 2322 1817 1615 0

1 AFC DR 0 ASF Argument

AFC/ASF — Argument function and subfunction code ~ DIRECT
LOGICAL/ARITHMETICAL operations, DIRECT TEST and
DIRECT SKIP

DR — Destination Register

N D-05.008 .01



1.3 REGISTER BL OCK

The NORD 50 CPU has 64 general word registers (GRO-GRGB) 32 bit wide;
where

~« 32 may be single precision floating registers
— 32 may be double precision floating registers (64 bits)
— 16 may be base registers (GHQ—15V
- 16 may be index registers )GRO-lfil“
_ 16 may be modification registers (GR16~31)

* These registers are also input to the hardware address—arithmetic and active
while executing a memory reference instruction.

To reduce access—time for Z—operand instructions the register block is duplicated
with identical constant, register block A and register block B.

ND-05.008 .01



1—6

SUM BUS WRITTEN INTO E, x, GRA AND GRE (IR 12—17)

__ XRO
ERO ~_6332 FORD INDEX

FRO FDRl EASE _REGISTER
_§30 SINGLE DOUBLE REGISTER - x

PRECISION PRECISION g __GENERAL (32 BITS) 64 EITS) KRIS
“‘gigligfiR FLOATING FLOAT.REG ERIS,

REGISTER FDn To ADDRESS_ * ——-—*

__ FRIS ARITHMETIC
GRIS *

// REGISTER
OPERAND A

ll T0 CPU ALU"R0 OR EXT.ARITH.__31-o FDRO
_ FDRl MODIFICAT.

£316 __ REGISTER

__ __ M
.._ itF“ MRIS

r—- ._ *FDRlS
l __

GR31 it
L REGISTER

sun FROM CPU ALU 0R EXT.ARITH. OPERAND B, T0 CPU ALU
V OR EXT.ARITH.

IF INTER-
FDR16 REGISTERER16 EOR17 OPERATIONS

13832
__ EIT 63-32

_. *-
_~ * FDR31
__ ER31
GRa7 % . _[ // OPERAND B

(INTER—
REGISTER)

__ FDR16
__ FDR17

_gR48 __
__ ~_E_IT 31—0 *-PHYSICALLY
__ __ vTHE SAME

* REGISTERS“‘ FDR31

2163 at
L OPERAND A

b—-32 BITS—4

Two auxiliary registers are used. The OR ~ the Overflow Register — holds the upper
32 bits of the product of a multiplication. The RR - the Remainder Register - is
used to hold the remainder after a division.

N 005008.01



1.4 NORD 50 ORGAN/SA TlON

The NORD 50 is built up of 3 l9” racks, named A,B and C. The NORD 50 CPU
occupies the B rack, and the A and C rack contains the external arithmetic.

For instructions not executed in the CPU rack, the CPU does:
I

—
0

Present a A and a B operand of either 32 or 64 bits.

~— Write the achieved result of 32 or 64 bits back to the CPU destignation
register.

The A rack contains:

—— Arithmetic for MULTIPLY and DIVIDE, lNTEGER and FLOATING.

The B rack contains:

— The register block
—~ The address arithmetic
~ Memory interface. Data address and control logic
— NORD 108 interface. Data and control logic

The C rack contains:

Arithmetic for floating add, subtract, convert integer to floating, convert
floating to integer, shift and bit operations.

— NORD iOS communication logic.

N D-05.008.01



1.5 INS TRUCT/ON EXECUTION

The NORD 50 CPU employs instruction look ahead. While execution of current
instruction takes place, the next is requested from memory and clocked into the
Next Instruction Register _ Nl - prior to termination of the current instruction.

While executing a memory reference instruction, the memory address is
calculated in parallel with the next instruction fetch.

While executing an inter register or argument instruction the instruction is
decoded and executed in parallel with the fetch of the next instruction.

Upon completion, the next instruction residing in the NI register is transferred to
the Instruction Register — lR for execution.

N D-05.008.01



Manor/Logical
Arithmetic

A-Op. Selector
Register
Block
64 registers
01 21 bit;

B-Op. Selector

SelectorSUM

Instruction Profuch Floating Add/
Sub/Shift

Arithmetic
Store 64

Memory Data
lnsuucxion Regisxer

—

ROQISIGF

—

IRNext

Instr,

NIH Innruction

Ioa‘ing Mu I/Div
Displace~ Arithmetic
men!

x~register 3
’6

B-regmer
.3(0 Memory Address

BASIC NORD'SO
CPU ARCHITECTURE

3e
Upper Lim

+1 8P
Protect Violation

9::
Lower Limit
80

ADDRESS ARITHMETIC AND MEMORY PROTECT
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1.6 NORD 70/8 CONTROL OF NORD 50

NORD 50 is equipped with no input/output system and no input/output
instruction is available.

The sequence of loading and starting a NORD 50 programme is taken care of by
NORD 10/8.

The NORD 50 is connected to the input/output system in NORD 10/8 via two
modules in the HO rack, one for address and one for data.

32 bits data is exchanged between the computers by means of 2 lOX
instructions, each transferring 16 bits of data (NORD 10/8 A register)

Data may be:

-— NORD 50 programme start address (SA)
- NORD 50 address violation limit registers lBP,BQl
—« NORD 50 stop or break conditions (MODUS)

NORD 50 may then be started by a special lOX instruction in NORD 10/8. NORD
10/8 can continue its tasks until it becomes interrupted by NORD 50 by either:

—— NORD 50 execute on stop instruction
or

— An error condition occured

The communication lines are then used to check the STOP-conditions

NORD 10/8 may EXAMINE/DEPOSIT in NORD 50 memory via the input/output
system.

Running NORD 50 in SIMULATE—mode the memory may be simulated by
supplying data and instructions via the NORD 10/8. ‘

N D-05.008.01



NOHD<1OIS /
NORD-SO I/O Bus NORD-I OIS~

NORD‘SO
Communic.
lnurloce

Program Upper
Counter — _ Limit Reg. -—
PC 8?

9 Memory
Protect
SystemLan data

word to/irom Lower
Memory —— Limit Reg. — v
TD 80

Lax! Memory Addreu
Address — Reginer —
TA SA

1

NORD~50 Memory Data
Stems Register — ‘Reamer —- SD
STNSO

NORO-SO
Control
Logic

NOR D»50 NORD~50
Memory Command _

Register

N 005008.01
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1.7 NORD 50 MEMORY CONNECTIONS

NORD 50 is connected to memory shared by various sources as NORD 10/8,
NORD 10/8 DMA and another NORD 50, by separate ports in a multiport memory
system

A 32 bits NORD 50 channel is obtained by accessing two banks simultaneously
from one NORD 50. The addresses and request are the same in both banks as the
address cable is common. Two data cables will each supply half of the 32 bits
word. As NORD 50 receives a double set of ready signals, which may be out of
phase, the signals are latched waiting for the slowest response.

For a 32 bits channel as NORD 50 to communicate with a 16 bits channel as
NORD 10/8 and DMA, a special bank selection technique is necessary for the 16
bits channel. (Also referred to as interleave).

A DMA transfer will normally access consequitive location in one memory bank
and NORD 50 will have trouble reading then out as a 32 bits word (Same for
NORD 10/8). To overcome this the address cable of the DMA channel is
interleaved or rotational shifted one place to the right.

Source address bit 0 will after the shifting be the most significant address bit and
determine the bank selection.

The effect is that all even addresses will seem to lie between 0 and 1024K (one
bank) while all odd addresses will appear as lying between 1024K and 2048K
(another bank).

NORD 50 will access these two banks via two ports in parallel as both banks see
identical NORD 50 address. 32 bits will then be access in parallel.
16 bits from each of the banks.

l
POR:T

BANK l lA R JID TA
‘ I DATA 1

.

I

POIRT
BANK H x

: NORD 50ADR :D ‘

I DATA 2
.

ADDRESS

SOU RCE

Two 76 Bit Banks Accessed as One 32 Bit Bank

ND-05.008.01



NOTETHEN:

An even NORD 10/8 or DMA address (address bit 0: 0) will access NORD 50 bits
31-16, while an odd address (address bit 0: 1) will access NORD 50 bits 150.

The concept may be illustrated in the following example.

Example

NORD-10/S ADDRESS
17 2 1 0
h H

/ SHIFTlNG OF

\ADDRESS

BITS

[I
1

11]
20 16 1 o

RECEIVED CHAN NE L ADDRESS

Figure 7 . 7 7 .' Shifting ofAddress Bits

Address bit number 20 is used to select a bank.

Assuming NORD 10/8 ls storing 4 words in memory in consequitive locations (as
seen from NORD 10/8) the lowest bit on the issued address will toggle and
alternating banks will be selected. If the issued addresses are 0, 1, 2 and 3, the
received addresses would be:

Received Address Word No.:

0000000 1

4000000 2

0000001 3

4000001 4

etc.

ND-05.008.01



The following illustration will show how the four words will be stored.

Bank Address
__ LL = 00 (OK)

0 -___, 11 ’_—"' 3

Bank v
___ UL =02 (64K)

Bank Address
.. _ LL = 40 ((1024K)

O ._.._. v
2

l ____. 4

Bank X
UL = 42 '(1088K)

Figure 7. 72: The Bank as seen from NORD 70/8

When NORD 50 reads those 4 NORD 10/8 words, it regards the same two banks
as one bank with double word length. The 4 16 bit words will then be read as two
32 bit words.

LL = 00 (OK)Bank Address
LL = 00 (OK)

0 .__.
1 1 2--—o

3 4

Bank X Bank v

UL = 02 (64K)
UL = 02 (64K)

Figure 7. 73: The Banks as seen from NORD 50

ND-05.008.01



NORD 50 MULTIPLY/DIVIDE UNIT (A—RACK) GENERAL

The A-rack can be looked upon as a special processor being controlled by the
NORD 50 CPU.

The processor is activated when:

— The CPU fetch a floating or integer, multiply or divide instruction for
execution.
and v

—— The operands are latched in the CPU and presented on the A and B operand
lines to the A-rack.

For a floating double memory reference instruction this implies that two memory
references each reading a 32 bits operand have to take place before the processor
is activated.

While the processor is active the CPU waits until a READY signal is received
indicating that the SUM—bus to CPU contains an achieved result.

The ready signal triggers a CPU - WRITE—cycle, writing the result back to the
register, specified in the destignation field of the Instruction Register.

The 64 bits result of a floating double instruction is written back to the register
block in parallel.

An integer product of 32 bits is written back to the specified register and in parallel
the 32 overflow bits is written into the overflow register.

A quotient of 32 bits, the result of an integer division, is written back to the
specified register and in parallel the 32 bits remainder is written into the remainder
register.

N 005008.01



Position:

©WQO\UI&MN—

MWWNNNNNNNNNNt—dI—iu—t—HH—Iu‘uuNwOGOOQOKm§MNHO©WQONUIJKWNHO

1521.1
1522.1
1521.2
1522.2
1523.4
1521.3
1522.3
1521.4
1522.4
1523.2
1511
1512
1525
1526
1521.5
1522.5
1523.3
1521.6
1522.6
1521.7
1522.7
1523.1
1524'
1522.8

RACK: A NORD-SO MUL/DIV UNIT

MUL—I)IV ARITHMETIC
OUTPUT SELECTOR
MUL-I)IV ARITHMETIC
OUTPUT SELECTOR
B-INPUT
MUL-DIV ARITHMETIC
OUTPUT SELECTOR
MUL-DIV ARITHMETIC
OUTPUT SELECTOR
B-INPUT
SHIFT MATRIX A
SHIFT MATRIX B
MUL-DIV TIMING
MUL-DIV CONTROL
MUL-DIV ARITHMETIC
OUTPUT SELECTOR
B-INPUT
MUL-DIV ARITHMETIC
OUTPUT SELECTOR
MUL-DIV ARITHMETIC
OUTPUT SELECTOR
B-INPUT
EXPONENT ARITHMETIC
OUTPUT SELECTOR

ND 05008.01



III—l":— 11/
TO CPU REGISTER BLOCK

RESULT

A A

OPERANDS FROM
DI CPU:CONTROL CONTROL

3 A
A A A

BFI’T63 AP|OI63

SMPYO OFIO

START:SDIV U 1 _
I QNTEGER MULTIPLY

;
o OVERFLOW

SF v0 INTEGER DIVIDE UNDERFLOWRYMO
SFDVO FLOATING MULTIPLY

I DATA READY ON P LINES
DPMO FLOATING DIVIDE

DOUBLE PRECISION
FLOATING POINT

NORD-SO MUL-DIV UNIT CONTROL AND DATA FLOW

N D05.008 .01



24

II
AOPERAND (AP) BOPERAND (8P) REMAINDER

B OPEFIAND INPUT
REMAINDER ADJUST

TIMING CONTROL

4 x1523,1x1511,1 x1512
Ix'515,1X1526

ARITHMETIC MI 7 x1521

=I> OPE RAND SELECT895453 MULTI- 1L __________ ___“___ ~___W_
PLIER

I:1
PISO

illz:::-:::::::::REG. H ALU
H“ ___________________
II SHIFT

I ___________________
EXPONEN: Afs'zTrM- I, TEMPORARY REST REGISTER AC

X II

EXPONENT
AC

REMAINDER

,,.., A ,. 8x1522

:
CARRY LOOK-AHEAD AC EXTENSION

OUOTIENT REGISTER ’

I OUTPUT SELECTOR

OUTPUT OR IVER
........___4

NORD-SO
MUL3DIV UNIT IVIODU LES

RESULT P
ND-05.008 .01
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2.2 MODULEDESCR/PT/ON

1521 — MUL-DlV ARlTHMEl'lC -

POSITION:

A1 = 1521.1
A3 = 1521.2
A6 = 1521.3
A8 = 1521.4
A15 = 1521.5
A18 = 1521.6
A20 = 1521.7

This PCB Contains:

B—operand latch (RB) [90,110] ‘
Contains divisor during divide and multiplicand during multiply.

B—opera nd triple adder [6,7D—13,17D]
output three times the B—register.

Y-ALU [5,6C—18,19C]
Adds temporary result register AC with selected multiple of B-operand
during multiply and subtract during divide.

X-ALU [8,9C-18,198]
Subtract AC-register from selected multiple of B-operand during integer and
floating divide. (one multiple less then A-A LU) .

Y-ALU B-operand select [10-190]

X-ALU B-operand select [11C-16B]

X-ALU/Y-ALU select/shift unit [1B-16C]

Temporary result register AC [48, 19A]

Integer—floating multiplier
parallel input serial output (PISO) Register [11A]

N 005008.01



1521 MUL-DlV AR ITHMETIC

B operand (from 8 INPUT) AP530

PISOD

r0
*— WPlSO
_.__ PISOKL

Selects dividend :

A (floating) or
”0" (floating 0-31, single precisionl‘
or IA (Integer shined one place if

8H0 = 1)

8220 0
3354-23

8 register A53000.... C}74175
|RB PISO ‘- — — -

Shift register

QJ0000
Triple Adder

7418‘ "0" lABHJ
T = RB ' 3 l

T l

ASEL “‘ Dividend SelectorBSEL .__
74153

'10!) '2

.00.. .2
15 DZ 1 ’

Y op. select X op. select
745153 1503 745153

& I
Y add/sub. X add/sub.

ADD—‘

74181 ‘WSUB —‘ 74181

Y ”0.. X
4 /—""—"

.4

l

.4

TYE —“"1 Intermediate result selector
ME ~— 745153

ACKL AC .. accumulator
745375

I

ACSS'OMCSS is on 1524)

N D05.008.01



1522 -OUTPUT SELECTOR -

POSITION

A2 = 1522.1
A4 = 152.2
A7 = 1522.3
A9 = 1522.4
A16 = 1552.5
A19 = 1522.6
A2 = 1522.7
A24 2 1522.8

This PCB Contains:

— Selected result driver to CPU [5A,18B]

— Result selector [2616C] (81 selector selectingzl

1. Floating, exponent (1522.8)/Product(1522.7-1)
2. Normalized floating productl15?2.7-1)
3. Floating exponent (1522.81/Ouotient (1522.1-7)
4. Integer multiply: Overflow (1522.&152.5)/Pr0duct (1522.4-1)
5. lntegerdivide : Remainder(1522.8—1522.5)/Ouotient (1522.4-11
6. Zero (Floating underflow)
7. One (Floating overflow or integer divide on zero)

— AC-extension register during integer multiply (1522.1)
and
Quotient register during floating and integer divide [43,143]

— Carry look-ahead for T, X and Y - adder on 1521 board [2A, 18A]
— integer divide ALU [6/78 - 11/128] That:

1. Complement Quotient (1522.41)
2. Complement Remainder (1522.8-5)

— _ Overflow detect for integer multiply (1522.8-5) [9A,12A]

N 0-05.008 .01



1522 OUTPUT SE LECTOR

Transposed remainder IQO
030~0 QuotientlB31-0

_1 Q 7
(IQO, 00 and 01 from 1526) RNEG Complementor QNEG Complementor

(2's complement) (2‘s complement)
24181 74181Ql

Remainder Quotient
‘(5‘ KL SlPO shift register to C6332 C31 -0

S) LOAD Quotient + AC ext.
74195

G)
I00, 00-7
(Transposed '— from 1526

66> AMN2. AMN l)
ACSZ-O

02054 Floating

R nd’
Quotient, $933): detect

an mg 555 . or
Rounding 1
AC53-O

1
L0 ones, zeros

562-55 '2 ,. .. . .
FSGN N.C. 0 all ones, Sign to bit 63 (overflow)

l r i i
0 1 2 3 4 5 6 7 SO

ourmrr SELECTOR “31
74151 “53

Note:
ln FDV, hits 53.55 (E6256, FSGN)
go through input 0.

EC I

:G

(generate)

:

P (propagate)

Carry look-ahead for
T, X and Y adders

74181

C (carry)

N D-05.008.01



1523- B-lNPUT-

POSITlON

A5 = 1523.4
A10 = 1523.2
A17 2 1523.3
A2 = 1523.1

This PCB Contains:

CPU B—operand receiver/buffer [12A,8A,68]

Floating double unshifted B-operand BO- B22 enable [8C, 108]

Floating mantissa or integer B~operand select “r SB-bus [16A,18A]

Arithmetic/ Logic unit [2A,ZB] That:

1. Select the B operand direct through ~> F
during integer, floating multiply and floating divide

2. Select the B-operand and invert it if negative -* F
during integer divide

3. Select the remainder (AC 5625) "t F
during integer divide

Priority encoder [10C] to find the most significant "1" bit position during
integer divide. The divisor (B-operandi is shifted until the most significant
divisor bit becomes 1. in the shift matrix.

Zero divisor detect logic (Null) [10C]

N D-05 .008 .01



BP63 -O

2—10

)523 8 INPUT

F3210 —

F5300 _

310

1 E80

F5211 a SELECTOR/

'—1 ( ) AC25-26
Transposed
Normaiized remainder
from integer division

F3301 _ CONVERTER F +2312 0'
74181 0 = ‘ ‘ °’853'320 C) AC56-25

B3100

353-320 831230 PRIORITY ENCODER
(partiy on 1525)“F

V LATCH
863-54 (on 1525)

to exponent arithmetic
1524 SHIFT MATRIX Shift length for

divisor normalization
and remainder

< (1511 & 1512) denormalization
SH4-O

) U ream
FSEL ._.___. SELECT

———> l831-0 Transposed

SB 54-230 Denormaliized remainder in integer divis ion

80220

B operand to arithmetic (1521):

MPY
DIV
FMU, FDV
Double Precision

Signed two‘s complement B operand 885423
Unsigned value of B operand in 5854-23
Mantissa in 5354-32 (58% 1)
Mantissa in 8854-23, 8220 (5854 - 1)

Unused B and SB bits must be zero
E8 Enable BP3HJ to 831 during floafingdoubie

N D05.008.01



2—41

1524 ~EXPONENT ARITHMETIC - POSITION A23

This PCB Contains:

— A and B~operand exponent register (bit 62-54) [2A—8A]

— Exponent equal zero detect logic [60,40]

—— Exponent add/subtract ALU [2—33/10118]
Adds during floating multiply, subtracts during floating divide

—— Exponent normalize adder [20-10C]
Exponent added with 1 if mantissa is shifted 1 location right (divide)
exponent subtracted with 1 if mantissa is shifted 1 location left (multiply)

—- Selector selecting the corrected or the not corrected exponent to the output
selector board (1522.8) [ZD-8C]

— Circuits generating the floating point result sign [14C,16C}

—— Underflow/ overflow detect circuits [8C,80,16,1OD]

—- Output selector control (SO-2) [14D]

ND-05.008.01



2—12

FLOATING EXPONENT ARITHMETIC.

OPERANDS FROM CPU

l
._ __ via 1523 1521 I

362—54 AP62‘54

Operand from Operand from
CPU—reg. block CPU*reg. block A

863 AP63 B or memory.

BKL—oSIGN OPERAND LATCH PERL

* l
RA RB

Exclusive 4:
or ZERO

l
DETECT

FSGN
R AZRO BZRO R

Bit 62 is-—*<
inverted

EXPONENT . ADD (WU)
ADD/SUBTRACT

ALU 74181 __5U_§__<FDV)
~l FMU(subtract 1)

AE E: +1 FDV(add l)

NORMALIZE ADD
<——————————ADDER

7483

AE AE-1(FMU)
AE+1(FDV) .If most sxgn.

SELECTOR CORR mantissa bit # l
(AC53)

£54

1524 562-55
FLT

FSGN

‘1'
DRIVER

_ .... .. ._. _______ .1 ________________

P54
SELECTOR[522(.7'8)

; l
Bic 54 (least sign exp)

A taken from 1524
during floating MUL/DIV

DRIVER

H 1;“
P63 P62 P55 P54
sign

Result Exponent to CPU.

N 005,008.01
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1525 — MUL—DIV TIMING — POSITION A13

This PCB Contains:

—- Or of start signals received from CPU [17A,17D]
» —— Hold latch foroperation [17C]

—— Cycle-counter (C0,Cl ,CZ and C3) [58]
- Timing circuits [3C,BB]

—- iteration counters [10C,1OD]

—-
I
Shift length decoder/latch for integer divide [12B/12C,12A]

~— integer multiply overflow detect llNOFLl [153,15C,150]

ND-05.008.01
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1526~MUL-DlV CONTROL

POSlTlON A 14

This PCB Contains:

Y-Adder operand select during multiply (ED2,ED3) [198,130,13C]

AC — extension register (SIPO) serial input logic during integer multiply
(Y0,Y1-* 00,01) [11A,1OB,7B,4B,6A]

Integer/floating divide quotient estimate (EDZ,EDS) [13C,138}

lnteger/floating divide quotient generate (two serial input bit to
SlPO—register) [‘lOB,7B,4B,6A]

ALU on 1521 board add/ subtract control [3A]

Floating rounding circuits not force a "1” detect circuits:
Floating divide: (SIQO,SIO32) [100,4C,8A]
Floating multiply: (SFPC,SFPD) [10C,11A,8A]

Driver for control-signals to CPU [3A]

ND~05.008.01



NORD 50 - CPU - B - RACK

FUNCTION

NORD 50 registers‘

NORD 50 remainder and overflow registers“

NORD 50 address arithmetic‘

NORD 50 memory address drivers“

NORD 50 memory data drivers/ receivers“

NORD 50 memory control signals drivers/ receivers

NORD 10/8 communications registers‘

NORD 10/8 IOX-address decoding

* = 4 bits per module

ND-05.008.01

ON PCB

1502

1502

1503,1501

1501

1501

1519/1500

1501

1504



Position:
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1501.1
1502.1
1503.1
1501.2
1502.2
1503.2
1501.3
1502.3
1503.3
1501.4
1502.4
1503.4
1501.5
1502.5
1503.5
1501.6
1502.6
1503.6
1501.7
1502.7
1503.7
1501.8
1502.8
1503.8
1504
1505
1510
1508
1507
1506
1519
1500

3—2

RACK: B NORD-50 CPU

ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
ADDRESS ARITHMETIC
REGISTERS
ARITHMETIC BUFFER
NORD-50 CONTROLLER
REGISTER ADDRESS
INSTRUCTION CONTROL
CHIP SELECTION
ARITHMETIC CONTROL
CYCLE COUNTER
TIMING CONTROL
NORD-50 I/O CONTROL

ND-05.008.01



3.2 MODUL E DESCRIPTION

1501 - ADDRESS ARITHMETlC

This PCB Contains:

Memory address driver (MA) [190,17D]

Memory data driver/ receiver [9A,11A/93,11B]

Part of address—arithmetic [18/19A]

NORD 10/8 writeable communication registers SA [SD], SDUD], BP[|D]and BO[3D]
NORD 10/8 readable communication registers SA [50], TA[6C], TD[8C]
and PC ( Programme-Counter) [15C]

Comparators comparing the NORD 50 memory address against the address
violation limit registers [BO,BP]

NORD 50 memory data parity generate logic[15A,158]

instruction Register lR[17B]
Next Instruction Register Nl[138]
Displayment Register D [198]

Address arithmetic and CPU ALU carry look-a head [7A]

ND‘05.008 .01
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1502 - REGISTERS

This PCB Contains:

4 bits of the 64 A-Block registers [17C-14D}

4 bits of the 64 B-Block registers [QC—GD]

Integer product overflow - register [8A]

Integer divide remainder - register [10A]

A-operand selector/ latc h [1 08,88/68]
’ B-operand selector/ latch [4D,4C/1SB]

CPU integer ALU [18/19A]

ALU output equal zero detect circuits [190]

Drivers for A-operand to external arithmetic A-rack [6A]/ C-rack [4A]

Drivers for B-operand to external arithmetic A-rack [14A]/ C—rack[12A]

External arithmetic result receiver [178]

1503 - ARITHMETIC BUFFER

This PCB Contains:

Index - registers XO-15 [12A]

Base registers 80-15 [14A]

Address arithmetic X, B adder/latch [13,148/ 10C]

Latch/driver for 4 of the 32 most significant A-operand bits to external
arithmetic A-rack [6A/ 10A] and C—rack [GA/8A]

Latch/driver for 4 of the 32 most significant B-operand bits to external
arithmetic A-rack [68/ 1GB] and C—rack [GB/88]

External arithmetic result receiver [16C]

ND~05.008.01



1504- NORD 50 CONTROLLER - POSITION 825

This PCB Contains

Byte parity generate logic [8A]

Parity check circuits during memory read (Parity error : 1 -> $87)

Parity error latch used to light failing byte number in operators panel (PEBO -

PEBB)

Address violation detect logic (ABP BO)

NORD 10/S IOX instruction address decode logic [18A]

Select signals, selecting the source to the memory address bus (MA)
1. SA — Register(MAE2)
2. CA calculated address (CA) (MAES)
3. Programme-counter(PCl

Memory Data—Bus (MD) enable signal (WR1)

Receivers for external arithmetic — ready, overflow and underflow signals
'

1505- REGISTER ADDRESS - POSITION B 26

This PCB Contains:

Register block A chip select (ACS1-4l (1 chip contains 16 registers)

Register block B chip select (BCSl-4l

Register Block A register select (RAA 0-3)

Register block 8 register select (RAB 0-3)

Index register select (XA 03)

Base register select (BA 0-3)

Register Zero detect logic
(Register block A = ZROA)
(Register block B = ZROB)

Driver for instruction register bit 05 and 23-30 (IRX 0-5, lRX 23—30) to
external arithmetic C-rack

Single/double floating operation detect logic (DPM,DPA)

A-operand select signal (ABE 1)

N 0-05.008.01
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1510— INSTRUCTION CONTROL- POSITION 827

This PCB Contains:

—- Instruction decode logic,decoding.
1. External operations (EXOPI
2. Single precision floating instructions (SGLI

— A and B register block write signal (ABWII

—- X and B register (GHQ-15) write signal (XBWI
~— Memory write signal generation (WRD)

— Instruction and displacement - Register clock signals (IRSI ,IRSI 8,081)

— Instruction hangup detect logic (CNT 15)

— TA and TD-registers clock signals (TASI,TDSII

—— Next-instruction register strobe (NIS)

—— Programme counter increment (PCCOOI

—— B-operand select signal (RGEI)

1508- CHIP SELECT- POSITION 828

This PCB Contains:

— Decoding logic and drivers for external arithmetic start signals (SFAD~SDIVI
— Enabling signals for the data buses to the external arithmetic (FADE,MPYE)
— Enabling signals for destination - registers (IR Best-Field -* Reg. ADR)

(DRE1,DRE2I

- Enabling signals for source — register A and B ISRAE,SRBE)

~ Instruction executed in external arithmetic detect logic (EXT)

—— Latch signals for A and B—operands (STRA,STRB)

1507 - ARITHMETIC CONTROL- POSITION 829

This PCB Contains:

— CPU integer arithmetic ALU function select bit generation I FSO-3I
— Logic for carry input to least significant CPU ALU (CYSOI
— Inter-register carry flip-flop (CFFI

~ External arithmetic result bus bit 63-32 enable (SEBI
~ ALU A-operand select signal (FREI

ND-05.008.01



1506- CYCLE COUNTER — POSITION B30

This PCB Contains:

Main states flip-flops (DCCO-DCCZ)

Next cycle decision logic (input to the DCCO-DCCZ flip-flops)

Logic checking if jump or skip conditions fulfilled (JEFF)

Test condition decode logic (TCl ,TC2)

Last cycle of instruction detect logic (ENDIN)

Programme counter -* memory address bus (MA) select for next-instruction
fetch (PCEZ)

Parallel load of programmecounter signal (MAS 3)

1519- TIMING CONTROL— POSITION B31

This PCB Contains:

Cycle decode logic (DCGDC7)

Cycle read phase flip/flop (REGR)

Cycle write phase flip/flop (REGW)

Main cycles read/writephase decode logic ( DCRO-DCR3/ DCWO-DCW3)

Memory address ready/data ready receive circuits (AR,RAR/ DR,RDR)

Simulated address ready/data ready generate circuits (ARS,DRS)

Request signal generate/drive logic (RQ/ROM)

Operand latch-strobe (SP) (Change from cycle read -> write phase)

Write pulse to registers (WP) (Cycle terminate)

Completion signal to NORD 10/8 generate/drive logic DEVC/ LDEVC)

NDDSDOBD‘I



1500~ N-50 l/O CONTROL- POSITION 832

This PCB Contains:

~ Memory address decoding (AC-15) = 4K banks

~ Memory address _. operations panel driver (D04 5, WG-15)

— Select signal from OPR switch 9 and 10 (SW9,10) selecting:
l. instruction fetch addreslCO + 4)
2. Memory operand address (DCO + 4lo

— Parity error drive circuits driving:
1. Byte No. (WLO-3)
2. What memory reference (WL4~6)
3. Parity error detect signal (WL7)

m Receivers for address ready/data ready signal from memory
(AR1,AR2/DR1,DR2)

—— Logic waiting for the last address ready/data ready from multiport memory
lARL/DRL)

N D-05.008.01



NORD 50 C—RACK GENERAL

In the Crack, as part of the external arithmetic, the following instructions are
executed:

Memory Inter. No. of
Ref. Register operand

Mnemonic: Instr. lnstr. Means: bits:

FAD X Floating Add F + (EA) 32
FADD X Floating DP Add FD +

(Ea, Ea + 1) 64

RAF X Floating Reg. Add 32
RAFD X Floating DP Reg. Add 64

FSB X Floating Subtract
F - Ea 32

FSBD X Floating DP Subtract
FD—(Ea,Ea+l) 64

FIX X Convert floating to
lnteger 32/32

FlXD X Convert DP floating
to lnteger 64/32

FIR X Convert floating to
Rounded Integer 32/32

FIR D X Convert DP floating
to Rounded lnteger 64/32

FLO X Convert Integer to
Floating 32/ 32

FLOD X Convert lnteger to
DP Floating 32/64

X Shift 3 32 or 64 bit
operand up to 63
places to the right
or left with arith- 32
metic, logical or or
rotational shift 64

BST X Bit set 32

BCL X Bit clear 32

BCM X Bit complement 32

882 X Bit skip on zero 32

880 X Bit skip on one 32

ND~05.008.01



As the table indicates, four of the instructions are memory reference instructions
(one operand from memory and one from a register) and the rest are inter-register
instructions (both operands, if two, are taken from the register block).

A-operand B-operand

OPE RAND SELECT
. 4x 1513

. I' 2x1511
SHIFT RIGHT MATRIX

, 2x1512
6

F LOATING ARITHMETIC
4x1514

l‘ _2x1511
sHIFT LEFT MATRIX

. 2x1512
f

2x1517

LINE DRIVER

®
RESULT TO CPU

DATA FLOW

The C—rack consists of this main card set:

OPERAND SELECT 4 x 1513

Four 1513 cards select the operand to the internal bus.

SHIFT RIGHT MATRIX

Two 1511 cards shift the operand O, 8, 16, 24, 32, 40, 48 or 56 places. The shift
can be rotational or arithmetic.

Two 1512 cards shift the operand 0, 1,2, 3, 4, 5, 6 or 7 places.

FLOATING ARITHMETIC 4 x 1514

The floating mantissas are added or subtracted on these cards. (Exponent
arithmetic on card 1515.)

Shift operands go directly through. For bit instructions, the specified bit should
now be in 0 and is manipulated and checked on card 1516.

N D 05008.01



SHIFT LEFT MATRIX

As right shift matrix but shifted left.

LINE DRIVER

Drives result on tri—state lines to CPU.

TIME USED:

All instructions executed in the C-rack take the same amount of time. The timefrom the operands are presented until the result is on the result bus to the CPU isapproximately 400 ns.

The operands passing through the Crack are never latched, so the time used isgiven by adding the intergrated circuit delays together.

The OR of all start signals to the C—rack triggers a one shot on the FLOATINGCONTROL 1516 card. This one shot is set to approximately 400 ns equal the timethe operands need passing through the logic and the result is ready on the datalines to CPU.

ND-05.008.01
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NORD-SO EXTERNAL AFNTHMETIC C-RACK —- CPU CONTROL AND DATA FLOW

SFADO SELBITO
A

SFSBO FRSBITO

‘
A

SOPRO 0o

I
t

DPAO UF20

|
A

”25.0 RYPO

1330.23

/
[swam1 AU63-01

V V V V Y
CONTROL OPERANDS FROM cpu

CONTROL

RESULT

U630] TO CPU REG. BLOCK
ll

ND-05.008.01



C _ RACK D919 EIQH
FROM B-RACK CPU

1 l
AU63-32 AU31-O

SHIFT (32 BITSV

EIT OPERATION!
CONVERT TO
FLOATING (FLO)
32 BITS

CONVERT T0
FLOATING (FLOD‘
64 BITS
CONVERT TO
INTEGER (FIX)
32 BITS

AU63-32

SHIFT DOUBLE (64 BITS)

CONVERT T0 INTEGER
DOUBLE (FIXD) 64 BITS

i

l
B2:?-32 BU31~0

MEMORY OR
OPERAND FROM

REG. BLOCK B.

FLOATING ADD Aufé FLOATING ADD BU31_6FLOATING SUB FLOATING SUB
7

7FLOATING ADD DOUBLE FLOATING ADD DOUBLEFLOATING sun DOUBLE FLOATING SUB DOUBLE

V

c - RACK

U63~32 U31—o

_FL0ATING RESULT
>32 DITs NUSULT 32 BITS

RESULT 64 FITS

T0 CPU

ND-05.008.01
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1513.1
1513.2
1513.3
1511.1
1511.2
1512.1
1512.2
1514.1
1514.2
1514.3
1514.4
1511.3
1511.4
1512.3
1512.4
1517.1
1517.2
1515
1516
1513.4

1523.1
1531
1532.2

43

RACK: C NORD-SO ARIT

DATA SELECTOR
DATASELECTOR’
DATA SELECTOR
SHIFT MATRIX A
SHIFT MATRIX A
SHIFT MATRIX B
SHIFT MATRIX B
FLOATING ARITHMETIC
FLOATING ARITHMETIC
FLOATING ARITHMETIC
FLOATING ARITHMETIC
SHIFT MATRIX A
SHIFT MATRIX A
SHIFT MATRIX B
SHIFT MATRIX B
DATA BUFFER
DATA BUFFER
SHIFT CONTROL
FLOATING CONTROL
DATA SELECTOR

DATA & ADDRESS BUS SELECTOR
DEVICE REGISTERS
DATA & ADDRESS BUS SELECTOR

NDOS.008.01



4.2 MODUL E DESCRIPTION

DATA SELECTOR - 1513 —

POSITION

C2 = 1513.1
C3 = 1513.2
C4 = 1513.3
C21 = 1513.4

This PCB Contains:

—— Two selectors selecting

A: The A or B—operand to the internal UB bus (to the shift-right matrix).
' 8. During floating add/sub select:

1. The mantissa with the greatest exponent to the UA-bus (UA 54-0)

2. The greatest exponent to the UA-bus (UA 62—54) (1513.4)
— Circuits for disabling the smallest exponent.

— Circuits for inserting the "hidden” 1-bit in the mantissa if the exponent #0.(1514.4)

SHIFT MATRIX - 1511 -

POSITION

C5 Shift Right
C6 Shift Right
C13 Shift Left
C14 Shift Left

This PCB Contains:

— Selectors for shifting the operand O,8,16,24,32,40,48 or 56 places. (32 bitspr. module)

—— Circuits for doing ROTATIONAL shift (U8 -> {3)

—_— Circuits for doing ARITHMETIC shift(1 *fl)

SHIFT MATRIX ~1512-

POSITION

C7 Shift Right
C8 Shift Right
C13 Shift Left
C14 Shift Left

This PCB Contains:

— Selectors for shifting the operand 0,1,2,3,4,5,6 or 7 places.
—- Circuits for disabling the output of the shift matrix "0" output when istrue

N005.008.01



FLOATING ARITHMETIC - 1514 -

POSITION

C9 = 1514.1
C10 = 1514.2
C11 = 1514.3
C12 = 1514.4

This PCB Contains:

ALU for adding/ subtracting the mantissa of the greatest exponent (UA) and
the shifted mantissa (N)

Circuits for inverting if negative result out of ALU, (subtract) and to get
proper rounding during floating operations.

Priority encoders looking for the most significant "1" bit in the result
mantissa

GS = Group (8 bits group)
SL 2 Bit position within the group.

Carry look-ahead circuits for the ALU.

integer overflow detect circuits (OFL).

SHIFT CONTROL-1515- POSITION: C19

This PCB Contains:

Shift-count to shift-right matrix (RSH 0—5) from either

1. instruction Register bit 0-5 during shift or bit instructions

2. Exponent comparison ALU (2A-8A) (Active during Floating ADD/ SUB
and Floating to integer instructions)(FlX)

Operand to internal A bus or B—bus select logic (ATA,ATB)

Priority encoder looking for the most significant ”1" during normalising
(Floating SUB) or lnteger to Floating (FLO) instruction

Exponent arithmetic (XP5462) generating proper exponent during floating
ADD/SUB and FLO instructions

Selector selecting result bit UD 5462 from shift left matrix (C5462) or
exponent arithmetic

Shift count to shift-left matrix (LSH 0-5) from either

1. IR bit 05
or
2. Priority encoder (SLZ ()5)

N D -05 008.01



FLOATING CONTRDL- 1516- POSITION: C20

This PCB Contains:

— One shot determing when data is ready on the SUM bus to CPU (readysignal 2 RYPl (Set to 400ns)
~ Logic decoding CPU Instruction register bit (23-29) active during: shift, bitand convert instructions.

— Driver for the following signals to CPU

RYP = Data ready
SELBlT = Selected bit during BIT-SKIP instructions
FRSBlT = Floating sign bit or floating ZERO (Floating register compare

instructions)

OFZ = Overflow (floating, floating to integer)
UF2 = Underflowifloating)
U63 = Sign Bit

~ Rounding Logic

ADD 02)
ADD Oil-Double precision floating
ADD 00)

ADD 30)
PIOFL )-Single precision floating
ADD 32)

DATA BUFFER - 1517 — POSITION:

C17 = BiT 0-31
C18 = BlT 32—62

This PCB Contains:

-— Buffers for driving the result back to CPU

N D -05 .008 .01
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DATA-BUS SELECTOR ~ 1532.I - POSITION C24

DEVICE REGISTERS - 1531 — POSITION 025

ADDRESS~BUS SELECTOR - 1532.” - POSITION C26

These PCB's Contain:

The NORD 10/ S / NORD 50 Communication Logic

1532.1

. 16 bits differential line driver/ receivers NORD 50/ N0 RD 10/ S

1531

NORD 50 modusregister (MO-15)

NORD 50 status-register (880-10)

1532.”

Receivers for NORD 10/S IOX address bit 0,1 and 5 (IOAO,IOA1,IOA5I

Receiver for NORD10/S:

Start signal to NORD 50 (DEVS)
Stop signal to NORD 50 (X STOP)
Signal to start decoding of IOX bit 0,1 and 5 for NORD 10/S / NORD 50
communciation register decoding (STROBE)

ND-05.008.01
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COMMENT AND EVALUATION SHEET
NORD-SO ND-05.008.01
General Description and Module Description

January, 1979.

In order for this manual to develop to the point where it best suits
your needs, we must have your comments, corrections, suggestions
for additions, etc. Please write down your comments on this pre—
addressed form and post it. Please be specific wherever possible.
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